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(57) ABSTRACT

A Umniversal Plug-and-Play (UPnP)-based network system
and a control method thereof are provided. The UPnP-based
network system includes a controlled device which transmits
an advertisement message, and a control point which receives
the transmitted advertisement message. The control point
determines whether an extension header included in the
advertisement message 1s changed, and i1f the extension
header 1s changed, the control point transmits a message for
requesting a description file to the controlled device. Also, the
UPnP-based network system includes a controlled device
which provides a description change advertisement service,
and a control point which performs subscription of the
description change advertisement service. The control point
receives an event message for the description change adver-
tisement service transmitted by the controlled device, and
transmits a message for requesting a description file to the

controlled device.
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FIG. 1 (RELATED ART)
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FIG. 2A (RELATED ART)
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FI1G. 2B (RELATED ART)
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FIG. 2C (RELATED ART)
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FIG. 3
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FIG. 8

<oxmi version="1.0""
<root xmins="um:schemas-upnp-org:device-1-0"
{specVersiom
<{major> 1</major>
<minor>0</minor
{/specversionm
<URLBase>base URL for all relative URLs</UURLBase>
{device>
<deviceType>urn:schemas-upnp-org:device:deviceType-v</deviceType>
friendiyName>short user-friendly title</friendiyName>
{manufacturer>manufacturer name</manufacturern
<manufacturerURL>URL to manufacturer site{/manufacturertiL>
{modelDescriptiomlong user—friendly titie</modelDescription>
{modeiName>model name</modelName>
{modeiNumbermode! number</modelNumber>
{modelURL>URL to mode| site</modelURL
<serigiNumber>manufacturer’s serial number</seriaiNumben
UDN>uuid-UUIDYUDN>
<UPC>Universal Product Code</UPC>
dconlist
<icon>
{mimetype>image/format{/mimetype>
{width>harizontal pixels</width
¢height>vertical pixels</height>
(depth>color depth{/depth>
CurbURL to icon</urh
icon
XML to declare other icons, if any, go here
iconlisto

: ¢gerviceType>urn:schemas-upnp-org:service:changingNotify: 1¢</serviceType>
«  <serviceld>urn:upnp-arg-serviceld:ServiceChangingNotify 1</serviceld>

. <SCPDURL>URL to service description</SCPOURL 521
: <controlURLURL for controi</controiURL

<eventSUbURLURL for eventing</eventSubURL>

----------------------------------------------------------------------------

(/EEI'VICEUSD
{devicelist

{/devicelish
<presentationURL>URL for presentation</presentationtg>
</device>
{rood
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FIG. 9

¥ <?xml version="1.0"?>
1 <scpd xmins="urn:schemas-upnp-org:service-1-0"
| <specVersion

{major>1</major>

{minor>8</minor

</specversion>

<nam3>actionﬂame</name> :
<argumentList :
{argument> ;
<name>formalParameterName</name> :
<directiondin xor out</direction ' 529
{retval />
(relatedStatevariabledstateVariableName</relatedStateVariabie>
{/argument>

d-érgumentUsv

----------------------------------------------------------------------

-(State\!anable sendkevents="yes">
¢ <named>variableName</name>
<dataType>variable data type</datalype>
<{defaultValue>default value</defaultValue>
<allowedVaiuelist>

<allowedVaiue>enumerated value</allowedValue>

dallowedValueUsv

:dstateVarlanle>

{stateVariable sendtvents="yes™

{name>variableName</name>

<dataType>variable data type</datatype>

{defaultValue>defauit value</defaultvaiue>

<allowedValueRange>
<minimum>minimum vatue</minimum>
(maximum>maximum value</maximum>
{step>increment value</step>

{/allowedValueRange>

'¢/statevariable

--------------------------------------------------------------------

¢serviceStateTable>
| </scpd

023
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UPNP-BASED NETWORK SYSTEM AND
CONTROL METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority from
Korean Patent Application No. 10-2007-0112099, filed on
Nov. 3, 2007 1n the Korean Intellectual Property Office, the
disclosure of which 1s incorporated herein 1n its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Systems and methods consistent with the present invention
relate to a Universal Plug-and-Play (UPnP)-based network,
and, more particularly, to a UPnP-based network system and
a control method thereot that can support a dynamic change
of a service provided in a mobile network environment.

2. Description of the Prior Art

UPnP 1s a representative protocol for home networks.

UPnP technology 1s an architecture for a peer-to-peer con-
nectivity of all types of intelligent products, wireless devices,
and personal computers (PCs). UPnP has been designed to be
casily used in homes, small offices, public places, ad-hoc
networks connected to the Internet, or 1n an unmanaged net-
works, to have tlexibility, and to provide connectivity based
on the standards. UPnP technology provides a distributed
open network architecture that enables Transmission Control
Protocol (TCP)/Internet Protocol (IP) and Web technology to
perform seamless proximity networking. That 1s, UPnP tech-
nology provides connectivity and interoperability among ser-
vices 1n a distributed computing environment.

FIG. 1 1s a view 1illustrating the construction of a general
home network system.

In a home network, a UPnP-based network system may be
logically divided 1nto two parts. One 1s a controlled device
(heremaftter referred to as a “CD”) that provides the inherent
service of a device and 1s controlled by a user, and the other 1s
a control point (heremnafter referred to as a “CP”) that pro-
vides functions capable of controlling home devices. That 1s,
the CP corresponds to a client, and the CD corresponds to a
service or a device that provides the service.

As 1llustrated 1n FIG. 1, 1n the home network system, a
plurality of UPnP-based network systems 110,120,130, 140,
and 200 may be connected to one another. For example, a
UPnP-based CP may be a computer 110, a personal digital
assistant (PDA) or portable phone 120, a printer 130, or a
notebook computer 140, and a UPnP-based CD may be a
server 200 for providing a service.

The UPnP device architecture defines a communication
protocol between the CP and the CD that 1s controlled by the
CP. That 1s, all devices existing on the home network transmut
UPnP protocols for mutual communications.

FIGS. 2A to 2D are views 1llustrating a communication
process between general UPnP-based network systems.

In the UPnP-based network, the communications can be
divided into the steps of discovery, description, control,
eventing, and presentation.

FIG. 2A shows the UPnP-based discovery step, which can
be divided 1nto two processes.

One 1s a process in which a CD sends device information or
service information that can be provided by the CD 1tselfin a
multicast method, 1.e., a process of transmitting an advertise-
ment message (S10), and the other 1s a process 1n which a CP
searches for a concerned CD on a home network, 1.e., a
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process of transmitting a search message to the CD (S20).
Accordingly, the CP recerves a response message 1n a unicast

form from the CD (530). In contrast, in a step where the CD
leaves the home network, the CD sends a bye message 1n a
multicast form to the CP.

FIG. 2B shows the UPnP description step, which is a step
in which the CP acquires a device of the CD to be controlled
by the CP and description information of a service.

That 1s, the UPnP requests and receives a device descrip-
tion file (S40 and S45) and a service description file (S50 and
S55) of the corresponding CD based on description URL
information of the corresponding CD acquired through the
discovery step.

FIG. 2C shows the UPnP control step, which 1s a step of
transmitting/receiving a control command between the CP
and the CD. In the control step, a response message 1s pro-
vided in response to a request message (S60 and S65).

FIG. 2D shows the UPnP eventing step, which 1s a step 1n
which the CP recetves an event message according to the state
change of a service from the CD.

In order for the CP to recetve an event message according,
to the state change of a service from the CD, it should be first
registered in the CD through the subscription step (S70 and
S75). Then, if the state change of the service provided from
the CD or a specified eventing situation 1s generated, the CD
transmits the corresponding event message to the registered
CP (580). In contrast, the CP can set a timeout at the sub-
scription step, and can make a renewal request within the
timeout period. In addition, if the CP no longer wants to
receive the event message from the CD, 1t may request can-
cellation.

However, the related art UPnP-based network system and
the control method thereof have the following problems.

Even 1f the service 1s dynamically changed such as addition
of a new service to the CD, the CP determines only whether a
new device 1s added by confirming a unique device name
(UDN) 1n an advertisement message, and thus 1t becomes
impossible to recognize the addition of a service such as the
addition of a new service or deletion of the service. This 1s
because, 1n the UPnP-based CD, the addition or deletion of a
service corresponds to the characteristic of a static home
network environment. However, the addition or deletion of a
service 1s required in the mobile network environment, and
thus the existing PnP technology has limitations in this
regard.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present mnvention over-
come the above disadvantages and other disadvantages not
described above. Also, the present invention 1s not required to
overcome the disadvantages described above, and an exem-
plary embodiment of the present invention may not overcome
any of the problems described above.

The present mnvention provides a UPnP-based network sys-
tem and a control method thereof, which can support a
dynamic change of a service provided 1n a mobile network
environment.

According to an aspect of the present invention, there 1s
provided a UPnP-based network system, according to the
present ivention, which includes a controlled device trans-
mitting an advertisement message; and a control point recerv-
ing the transmitted advertisement message; wherein the con-
trol point determines whether an extension header included in
the advertisement message 1s changed, and 11 the extension
header 1s changed, the control point transmits a message for
requesting a description file to the controlled device.
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According to another aspect of the present invention, there
1s provided a method of controlling a UPnP-based network

system, which includes: a controlled device transmitting an
advertisement message; a control point determining whether
an extension header included in the advertisement message 1s
changed; and 11 the extension header 1s changed as a result of
determination, the control point transmitting a message for
requesting a description file to the controlled device.

According to still another aspect of the present invention,
there 1s provided a UPnP-based network system, which
includes a controlled device providing a description change
advertisement service; and a control point performing sub-
scription of the description change advertisement service;
wherein the control point receives an event message for the
description change advertisement service transmitted by the
controlled device, and transmits a message for requesting a
description file to the controlled device.

According to still another aspect of the present invention,
there 1s provided a method of controlling a UPnP-based net-
work system, which includes a control point performing sub-
scription of a description change advertisement service pro-
vided by a controlled device; the controlled device generating,
an event message for the description change advertisement
service and transmitting the event message to the control
point; and the control point, having recerved the event mes-
sage, transmitting a message for requesting a description file
to the controlled device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects of the present invention will be
apparent from the following detailed description of exem-
plary embodiments taken in conjunction with the accompa-
nying drawings, 1n which:

FIG. 1 1s a view 1illustrating the construction of a general
home network system:;

FIGS. 2A to 2D are views 1llustrating a communication
process between general UPnP-based network systems;

FI1G. 3 1s a block diagram 1llustrating the construction of a
UPnP-based network system according to an exemplary
embodiment of the present invention;

FI1G. 4 1s a view 1llustrating an example of an advertisement
message 1 a UPnP-based network system according to an
exemplary embodiment of the present invention;

FIG. 5 1s a flowchart illustrating a process of recognizing
addition or deletion of a service in a UPnP-based network
system according to an exemplary embodiment of the present
invention;

FIG. 6 1s an exemplary view explaiming that the UPnP-
based network system of FIG. 5 recognizes addition or dele-
tion of a service in a discovery step according to an exemplary
embodiment of the present invention;

FI1G. 7 1s a block diagram 1llustrating the construction of a
UPnP-based network system according to another exemplary
embodiment of the present invention;

FIG. 8 1s a view 1llustrating an example of a device descrip-
tion file n a UPnP-based network system according to
another exemplary embodiment of the present invention;

FIG. 9 1s a view illustrating an example of a service
description file 1n a UPnP-based network system according to
another exemplary embodiment of the present invention;

FIGS. 10A and 10B are flowcharts illustrating a process of
recognizing addition or deletion of a service in a UPnP-based
network system according to another exemplary embodiment
of the present invention; and

FIGS. 11A and 11B are exemplary views explaining that a
UPnP-based network system of FIG. 10 recognizes addition
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4

or deletion of a service 1n a description step according to
another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinaiter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. The aspects and features of the present
invention and methods for achieving the aspects and features
will be apparent by referring to the exemplary embodiments
to be described 1n detail with reference to the accompanying
drawings. However, the present invention 1s not limited to the
exemplary embodiments disclosed hereinaiter, but can be
implemented 1 diverse forms. The matters defined 1n the
description, such as the detailed construction and elements,
are nothing but specific details provided to assist those of
ordinary skill 1n the art 1n a comprehensive understanding of
the invention, and the present invention 1s only defined within
the scope of the appended claims. In the entire description of
the present invention, the same drawing reference numerals
are used for the same elements across various figures.

The present invention will be described herein with refer-
ence to the accompanying drawings illustrating block dia-
grams and flowcharts for explaining a UPnP-based network
system and a control method thereof according to exemplary
embodiments of the present invention. It will be understood
that each block of the flowchart 1llustrations, and combina-
tions of blocks 1n the flowchart illustrations, can be 1mple-
mented by computer program instructions. These computer
program 1nstructions can be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions specified in the flowchart block or blocks.

These computer program mstructions may also be stored 1n
a computer usable or computer-readable memory that can
direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the
instructions stored in the computer usable or computer-read-
able memory produce an article of manufacture including
instruction means that implement the function specified in the
flowchart block or blocks.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus to cause a series of operational steps to be per-
formed on the computer or other programmable apparatus to
produce a computer implemented process such that the
instructions that execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions specified 1n the flowchart block or blocks.

Also, each block of the tlowchart 1llustrations may repre-
sent a module, segment, or portion of code, which comprises
one or more executable instructions for implementing the
specified logical function(s). It should also be noted that 1n
some alternative implementations, the functions noted 1n the
blocks may occur out of the depicted order. For example, two
blocks shown 1n succession may 1n fact be executed substan-
tially concurrently or the blocks may sometimes be executed
in the reverse order, depending upon the functionality
involved.

FIG. 3 15 a block diagram illustrating the construction of a
UPnP-based network system according to an exemplary
embodiment of the present invention.
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The UPnP-based network system according to an exem-
plary embodiment of the present invention includes a control
point (CP) 100 and a controlled device (CD) 200.

The CP 100 serves to transmit a message capable of con-
trolling the device.

As 1llustrated 1n FIG. 3, the CP 100 includes a message
control unit 110 and a cache data storage unit 120.

The message control unit 110 serves to process various
types of messages transmitted/recerved between the CP 100
and the CD 200. Messages that the CP 100 transmits to the CD
200 include a search message, a description request message,
a control message, a subscription request message, and so
torth, and messages that the CP 100 receives from the CD 200
include an advertisement message, a response message, an
event message, and so forth.

In the case of a UPnP-based network system according to
an exemplary embodiment of the present invention, the mes-
sage control unit 110 of the CP 100 recognizes an extension
header that 1s defined 1n the advertisement message transmit-
ted from the CD 200 1n the discovery step. This function will
be described 1n detail 1n association with a discovery unmit 210
of the CD 200 (described later).

The cache data storage unit 120 stores cache data that
includes information on the CD 200 transmitted from the CD
200. The mnformation on the CD 200 included 1n the cache
data may be mformation on the device, information on a
service provided from the device, and so forth.

The CD 200 provides an inherent service of the device in

accordance with a control message transmitted from the CP
100.

As 1llustrated 1n FIG. 3, the CD 200 includes a discovery
unit 210, a description unit 220, a control unit 230, an event-
ing unit 240, and an information management unit 2350.

The discovery unit 210 serves to process a discovery mes-
sage 1n the CD 200 1n the discovery step.

First, the discovery unit 210 transmits an advertisement
message that includes device information and service infor-
mation provided by the discovery unit 210. That 1s, when the
CD 200 takes part 1n a network, 1t transmuits the advertisement
message containing basic imnformation 1n order to notify the
CP 100 of 1ts existence. Here, the basic information includes
a URL of description of a device that provides the CD 200, the
type of device, an expiration time of a notification message,
and so forth. The advertisement message may be transmitted
by a multicast method.

The extension header 1n the advertisement message trans-
mitted from the CD 200 1n the discovery step 1s defined 1n the
UPnP-based network system according to an exemplary
embodiment of the present invention.

Generally, although a format of an advertisement message
1s defined by the standards, the advertisement message can be
extended through a user’s definition of the additional con-
tents. Accordingly, the discovery unit 210 adds the extension
header to the advertisement message, and includes informa-
tion on the change of a service provided by the CD 200, 1.¢.,
information on the addition or deletion of the service, through
the extension header.

Thereatter, 1f a new service 1s added to the CD 200 or the
existing service 1s deleted from the CD 200, the discovery unit
210 records service addition or deletion information through
the extension header defined 1n the advertisement message.
Also, 11 the advertisement message 1s transmitted to the CP
100, the message control unit 110 of the CP 100 recognizes
the extension header defined in the advertisement message
transmitted from the CD 200. Accordingly, in the case where
the extension header defined 1n the advertisement message 1s
changed, the CP 100 recognizes that the service provided
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6

from the CD 200 has been changed, and transmits a descrip-
tion request message to the CD 200 in order to recerve a
device description file and a service description file. In this
case, the CD 200 transmits the device description file and the
service description file to the CP 100.

FIG. 4 1s a view illustrating an example of an advertisement
message 1n a UPnP-based network system according to an
exemplary embodiment of the present invention.

As 1llustrated in FIG. 4, the advertisement message
includes a Hypertext Transier Protocol (HTTP) header con-
taining information on a host, a cache control, a device URL,
and so forth. Although the format of the advertisement mes-
sage 1s defined as the standards, a user can extend the adver-
tisement message by defining additional contents.

Accordingly, the extension header that includes informa-
tion on the addition or deletion of a service provided by the
CD 200 can be defined 1n the advertisement message. In FIG.
4, an example of the extension header 211 called “SERVICE-
CHANGE” 1s illustrated. The type of the extension header
and information included in the extension header can be
changed by those of ordinary skill 1n the art.

In contrast, the advertisement message having the exten-
sion header may be generated at an 1nitial stage where the CDD
200 takes part in the network, or the extension header may be
added to the standard advertisement message when the ser-
vice provided from the CD 200 1s added or deleted.

In addition, the discovery unit 210 may transmit the adver-
tisement message having the extension header to match the
transmission period of a general advertisement message, or
may transmit the advertisement message at a time when the
service 1s added or deleted, regardless of the message trans-
mission period.

The CP 100 may transmit a search message for searching
for the CD 200 to be used 1n a multicast method, and the
discovery unit 210 may transmait a response message to the CP
100 1f 1t corresponds to the CD 200 that the CP 100 1s search-
ing for. This response message may be transmitted by a uni-
cast method.

In contrast, the discovery unit 210 may use the Simple
Service Discovery Protocol (SSDP) based on the Hypertext
Transfer Protocol (HTTP) header as a dynamic multicast
discovery protocol between UPnP devices.

The description unit 220 serves to generate a description
file that includes information on a device and service of the
CD 200 and to transmit the generated description file to the
CP 100. In the UPnP network, a device description file and
service description file determined at the UPnP Forum may be
used as the description files.

The device description file 1s a document including infor-
mation of the device and information on the service provided
by the device, and includes information on a manufacturing
company of the device, product information such as a model
name and a serial number, and a list of services in the device,
and so forth.

In contrast, in the UPnP network, the device description{ile
and the service description file may use an Extensible Markup
Language (XML) format.

The control unit 230 processes a command transmitted
from the CP 100 in order for the CD 200 to use the service.
That 1s, the control unit 230 serves to generate a response

message to the request message of the CP 100 and to transmait
the generated response message to the CP 100.

In contrast, in the UPnP network, SOAP may be used as a
control messaging protocol.
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The eventing unit 240 serves to generate an event message
according to the state change of the service provided from the
CD 200 and to transmit the generated event message to the CP
100.

If the CP 100 intends to know the state change of the
service provided from the CD 200, the CD 200 generates and
transmits a subscription request message to the eventing URL
included 1n the information on the CD 200 that 1s acquired at
the discovery step. This step 1s called a subscription step.
Thereatter, the CD 200 registers the CP 100 that has sent a
registration request message, and 1f the state change of the
service provided from the CD 200 or a specified eventing
situation 1s generated, the CD 200 transmits the correspond-
ing event message to the registered CP 100.

In contrast, 1n the UPnP network, Generic Event Notifica-
tion Architecture (GENA) based on the HI'TP header may be
used as a protocol for the eventing step of the device.

The information management unit 250 serves to store and
manage service information provided by the CD 200. At this
time, the service information provided by the CD 200 may be
stored 1n the form of a list. Also, the information management
unit 250 can continuously update the service information list
in accordance with the request transmitted from the CP 100.

As described above, the UPnP-based network system may
have a function of the CP 100 or the CD 200, or may have both
tfunctions of the CP 100 and the CD 200.

Hereinatiter, a method of controlling an UPnP-based net-
work system as constructed above according to an exemplary
embodiment of the present invention will be described.

FIG. 5 1s a flowchart illustrating a process of recognizing
addition or deletion of a service in a UPnP-based network
system according to an exemplary embodiment of the present
invention.

First, for a predetermined period, the UPnP-based CD 200
transmits an advertisement message including i1ts device
information and service information that can be provided by
the CD 1tself 1n a multicast method (S301). The advertisement
message 1s 1n the form of an SSDP.

At this time, the UPnP-based CP 100 receives the adver-
tisement message, confirms the UDN of the CD 200 (S302),
and then determines whether the CD, having sent the mes-
sage, 1s 1dentical to the existing CD 200 (S303).

If the CP 100 determines that the CD 200, having sent the
message, 1s a new CD 200 through the confirmation of the
UDN 1n operatlon S303, the CP 100 transmits a description
request message, 1.€., an HT'TP GE'T message to the CD 200
in order to recerve a device description file and a service
description file (S304). At this time, the CP 100 transmits the
description request message through description URL 1nfor-
mation included in the advertisement message. Then, the CD
200 transmits the device description file and the service
description file in XML format to the CP 100 1n response to
the description request message (S303).

Then, the CP 100 stores the device information and the
service mnformation of the CD 200 1n the cache data storage
unit 120 by parsing the received device description file and
service description file in XML format (S306).

If the CP 100 determines that the CD 200, having sent the
message, 1s 1dentical to the existing CD 200 through the
confirmation of the UDN in operation S303, the CP 100
determines whether the extension header deﬁned in the adver-
tisement message 1s changed (5S307).

If the extension header defined 1n the advertisement mes-
sage 1s changed 1n operation S307, the CP 100 transmits the
description request message to the CD 200 in order to receive
the device description file and the service description file

(S308). Then, the CD 200 transmits the device description
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files and the service description file in XML format to the CP
100 1n response to the description request message (S309).
Thereatter, the CP 100 updates the device information and
the service information of the CD 200 by parsing the recerved
device description file and service description file 1n XML

format (S310).

I1 1t 1s determined that the extension header defined 1n the
advertisement message 1s not changed 1n operation S307, the
CP 100 does not download the device description file and the
service description file of the corresponding CD 200, but
performs only updating of the expiration time of the CD 200
stored 1n the cache data storage unit 120 (S311).

As described above, 1 the UPnP-based network system
according to an exemplary embodiment of the present inven-
tion, the addition or deletion of the service can be recognized
by defining the extension header in the advertisement mes-
sage transmitted 1n the discovery step.

FIG. 6 1s an exemplary view explaining that the UPnP-
based network system of FIG. 3 recognizes addition or dele-
tion of a service at a discovery step according to an exemplary
embodiment of the present invention.

In FIG. 6, 1t 1s exemplified that the extension header
defined 1n the advertisement message transmitted by the CD
200 1s changed after the addition or deletion of the service.
Even though the CP 100 determines that the CD 200 1s 1den-
tical to the existing CD 200 through the confirmation of the
UDN (S302), the CP 100 can confirm the change of the
extension header defined in the advertisement message
(S307), and request and recerve the device description file and
the service description file from the CD 200 (S308 and S309).

FIG. 7 1s a block diagram illustrating the construction of a
UPnP-based network system according to another exemplary
embodiment of the present invention.

The UPnP-based network system according to another
exemplary embodiment of the present invention includes a
CP 400 and a CD 500.

As described above with reference to FIG. 3, the CP 400
includes a message control unit 410 and a cache data storage
umt 420. That 1s, the message control unit 410 serves to
process various types of messages transmitted from the CP
400 to the CD 500, and the cache data storage unit 420 serves
to store cache data that includes information on the CD 500
transmitted from the CD 500.

In the case of the UPnP-based network system according to
another exemplary embodiment of the present invention, the
message control unit 410 of the CP 400 1s preset to request
subscription of a description change advertisement service
560 1ncluded 1n the advertisement message transmitted from
the CD 500 at the discovery step. This function will be
described 1n detail 1n association with a description unit 520
of the CE 500 to be described later.

The cache data storage unit 420 serves to store cache data
that includes information on the CD 200 transmitted from the
CD 200. The information on the CD 200 included in the cache
data may be mformation on the device, information on a
service provided from the device, and so forth.

Also, the CD 500 includes a discovery unit 510, a descrip-
tion umt 520, a control unit 530, an eventing unit 540, and an
information management unit 350. The control unit 530 and
the information management unit 550 constituting the CD
500 of the UPnP-based network system according to another
exemplary embodiment of the present invention are the same
as those as described above with reference to FIG. 3, and thus
the detailed description thereot will be omatted.

The discovery unit 310 serves to process a discovery mes-
sage 1n the CD 500 1n the discovery step.
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First, the discovery unit 510 transmits an advertisement
message that includes device information and service infor-
mation that can be provided by the discovery unit 510. This
advertisement message may be transmitted by a multicast
method.

In contrast, the CP 400 transmits a response message in
response to a search message for searching for the CD 500 to
be used by the CP 400.

The description unit 520 serves to generate a description
file that includes information on a device and service of the
CD 500 and to transmit the generated description file to the
CP 400. In the UPnP network, a device description file and a
service description file determined at the UPnP Forum may be
used as the description files.

In the UPnP-based network system according to another
exemplary embodiment of the present invention, the CD 500
provides a description change advertisement service 560. The
description change advertisement service 1s a basic service
provided by the CD 500, which recognizes the addition or
deletion of another service provided by the CD 500, generates
an event message, and notifies the CP 400 of the generated
event message.

When the CD 500 takes part in the network, 1t transmits the
advertisement message containing basic information in order
to notity the CP 400 of its existence, and the advertisement
message may include information on the description change
advertisement service 560.

Also, the message control unit 410 of the CP 400 1s preset
to request subscription of the description change advertise-
ment service 560 included in the advertisement message
transmitted by the CD 500 1n the discovery step.

Accordingly, the CP 400 stores device mnformation and
service mformation of the CD 500 1n the cache data storage
unit 420 by parsing the recerved device description file and
service description file in XML format.

At this time, the CP 400 can recognize information on the
description change advertisement service included in the
device description file and the service description file.

FI1G. 8 1s a view 1llustrating an example of a device descrip-
tion file n a UPnP-based network system according to
another exemplary embodiment of the present invention.

As 1llustrated 1n FI1G. 8, a device description file in XML
format includes information on a service type, a service 1D, a
service description URL, a control URL, and an eventing
URL 1n the <service> tag. The device description file also
includes information on a UPnP Forum, defined services, and
services added by a UPnP vendor in the <servicelList> tag.

Accordingly, information on the description change adver-
tisement services 560 and 521 1s additionally defined 1n the
<serviceList> tag of the device description file. In FIG. 8, 1t 1s
exemplified that the description change advertisement ser-
vices 560 and 521 are additionally defined as “ChangeNo-
t1fy” type services. In defining the description change adver-
tisement services 560 and 521, information on a service type,
a service ID, a service description URL, a control URL, an
eventing URL, and so forth, can be changed by those of
ordinary skill 1n the art.

FIG. 9 1s a view illustrating an example of a service
description file 1n a UPnP-based network system according to
another exemplary embodiment of the present invention.

As 1llustrated 1 FIG. 9, a service description file of an
XML format includes a list of actions that are commands for
service responses in <actionlist™> tag, and information on
arguments that are parameters of the respective actions 1n
<action> tag. Also, the service description file includes
related state variables 1n <serviceStateTable>tag. The service
description file may additionally include a UPnP Forum,
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defined services, or actions added by the UPnP vendor 1n the
<actionList> tag, and includes a UPnP Forum, defined ser-
vices, or state variables 1n the <service StateTable> tag.

Accordingly, actions 522 for the description change adver-
tisement service 560 and related state variable information
523 can be additionally defined 1n <actionlist> and <service-
StateTable> tags of the device description file. This informa-
tion can be changed by those of ordinary skill 1n the art.

The eventing unit 5340 serves to generate an event message
according to the state change of the service provided by the
CD 500, and to transmit the generated event message to the
CP 400.

If the CP 400 intends to know the state change of the
service provided by the CD 500 to be used by the CP 400, the
CD 500 generates and transmits a subscription request mes-
sage to the eventing URL included 1n the information on the
CD 500 acquired 1n the discovery step. This step 1s called a
subscription step. Thereafter, the CD 500 registers the CP 400
that has sent a registration request message, and 11 the state
change of the service provided from the CD 500 or a specified
eventing situation 1s generated, 1t transmits the corresponding
event message to the registered CP 400.

In contrast, 1n the UPnP network, GENA (Generic Event
Notification Architecture) based on the HI'TP header may be
used as a protocol for the eventing step of the device.

As described above, the UPnP-based network system may
have a function of the CP 400 or the CD 500, or may have both
functions of the CP 400 and the CD 500.

Hereinatter, a method of controlling an UPnP-based net-
work system as constructed above according to another
exemplary embodiment of the present mvention will be
described.

FIGS. 10A and 10B are flowcharts illustrating a process of
recognizing addition or deletion of a service in a UPnP-based
network system according to another exemplary embodiment
of the present invention.

FIG. 10A shows a process in which the CP requests a
subscription to the CD in order to use the description change
advertisement service.

First, for a predetermined period, the UPnP-based CD 500
transmits an advertisement message including its device
information and service information that can be provided by
the CD 1tself 1n a multicast method (S601). At this time, The
UPnP-based CP 400 receives the advertisement message,
coniirms the UDN ofthe CD 500 (5602), and then determines
whether the CD, having sent the message, 1s 1dentical to the
existing CD 500 (5603).

If the CP 400 determines that the CD 3500, having sent the
message, 1s a new CD 3500 through the confirmation of the
UDN 1n operation S603, the CP 400 transmits a description
request message to the CD 500 1n order to receive a device
description file and a service description file (S604). In this
case, the CD 500 transmits the device description file and the
service description file of an XML format to the CP 400 1n
response to the description request message (S605). Then, the
CP 400 stores device information and service information of
the CD 500 1n the cache data storage unit 420 by parsing the
received device description file and service description file in
XML format (S606). At this time, the CP can recognize
information on the description change advertisement service
included in the device description file and the service descrip-
tion file.

Then, the CP 400 transmits an event subscription request
message to the CD 500 1n order to use the description change
advertisement service defined 1n the device description file
transmitted from the CD 500 (5607). The subscription

request message 1s a message i XML format that uses the




US 8,135,014 B2

11

GENA protocol. The CD 500 registers the URL information
of the CP 400, having transmitted the subscription request
message, 1n its own subscription list (S608). Accordingly, if
the addition or deletion of a service occurs 1n the CD 500, the
event message 1s transmitted to the CP 400.

If the CP 400 determines that the CD 500, having sent the
message, 1s 1dentical to the existing CD 300 through the
confirmation of the UDN 1n operation S603, 1t does not down-
load the device description file and the service description file
of the corresponding CD 500, but performs only the updating
of the expiration time of the CD 500 stored 1n the cache data
storage unit 420 (5609).

FIG. 10B shows a process 1n which the CP recogmizes the
addition or deletion of a service when the service 1s added to
or deleted from the CD.

If a new service 1s added to the CD 500 or the existing
service 1s deleted (S701), an event message according to the
addition or deletion of the service 1s generated through the
description change advertisement service basically provided
in the CD 300 (S702).

The CD 500 transmits the event message according to the
addition or deletion of the service to the CP 400 (5703). At
this time, the CP 400, having received the event message, 1s
the CP 400 registered 1n the CD 500 through the subscription
request 1n the description change advertisement service of the
CD 500.

The CP 400, having received the event message, transmits
the description request message to the CD 500 1n order to
receive the device description file and the service description
file (S704). Then, the CD 500 transmits the device description
file and the service description file of XML format to the CP
400 1n response to the description request message (S705).
Then, the CP 400 stores the device information and the ser-
vice information of the CD 500 1n the cache data storage unit
420 by parsing the received device description file and service
description file of XML format (5706).

As described above, according to the UPnP-based network
system according to another exemplary embodiment of the
present invention, the description change advertisement ser-
vice 560 1s basically provided to the CD 500, and the CP 400
can recognize the addition or deletion of the service by defin-
ing the description change advertisement service 560 1n the
device description file and the service descnptlon file of XML
format transmitted from the CD 500 in the description step
and by adding actions, factors, and related state variables for
the service.

FIGS. 11A and 11B are exemplary views explaining that
the UPnP-based network system of FIG. 10 recognizes the
addition or deletion of a service at the description step accord-
ing to another exemplary embodiment of the present mven-
tion.

FIG. 11 A shows an example of requesting a subscription to
the CD 3500 1n order for the CP 400 to use the description
change advertisement service. That 1s, the CP 400 recerves the
device description file and the service description file (S605)
by transmitting the description request message to the CD
500 (S604), and then transmits the event subscription request
message to the CD 500 in order to use the description change
advertisement service defined 1n the device description file
(S607).

FIG. 11B shows an example of generating a service addi-
tion or deletion event message in the description change
advertisement service 560 of the CD 500 and transmitting the
generated message to the CP 400 after the service 1s added or
deleted. That 1s, 1t the service 1s added or deleted 1n the CD
500 (S701), the CD 3500 generates an event message 1n the
description change advertisement service (5702), and trans-
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mits the generated event message to the CP 400 (5703). The
CP 400 transmits the description request message to the CD
500 (S704), and recerves the device description file and the
service description file (S705).

According to the related art UPnP-based network system,
even though the service 1s dynamically changed such as addi-
tion of a new service to the CD, the CP determines only
whether a new device 1s added by confirming a UDN 1n an
advertisement message, and thus 1t becomes 1mpossible to
recognize the addition of a service such as the addition of a
new service or deletion of the service. This 1s because, 1n the
UPnP-based CD, the addition or deletion of a service corre-
sponds to the characteristic of a static home network environ-
ment. However, the addition or deletion of a service 1is
required in the mobile network environment, and thus the
existing PnP technology has limitations 1n this regard.

However, according to the UPnP-based network system
according to an exemplary embodiment of the present inven-
tion, the CD 200 records information on the addition or dele-
tion of a service 1n an extension header defined 1n a transmut-
ted advertisement message, and the CP 100 recognizes such
information, so that the addition or deletion of the service that
1s provided in a mobile network environment can be sup-
ported.

Also, according to the UPnP-based network system
according to another exemplary embodiment of the present
invention, the description change advertisement service 560
1s basically provided to the UPnP-based CD 500, and the CP
400 can recognize the addition or deletion of the service by
defining the description change advertisement service 560 1n
the device description file and the XML service description
file transmitted from the CD 500 at the description step and by
adding actions, factors, and related state vaniables for the
service. Accordingly, the addition or deletion of the service
provided in a mobile network environment can be supported.

In the exemplary embodiments of the present invention, the
term “unit”, as used herein, means, but 1s not limited to, a
software or hardware component, such as a Field Program-
mable Gate Array (FPGA) or an Application Specific Inte-
grated Circuit (ASIC), which performs certain tasks. A unit
may advantageously be configured to reside on the address-
able storage medium and configured to execute on one or
more processors. Thus, a unit may include, by way of
example, components, such as software components, object-
oriented software components, class components and task
components, processes, functions, attributes, procedures,
subroutines, segments of program code, drivers, firmware,
microcode, circuitry, data, databases, data structures, tables,
arrays, and variables. The functionality provided for in the
components and units may be combined 1nto fewer compo-
nents and units or further separated mto additional compo-
nents and units. In addition, the components and modules
may be implemented so as to execute one or more CPUs 1n a
device.

Although exemplary embodiments of the present invention
have been described for 1llustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the mvention as disclosed in the accom-
panying claims.

What 1s claimed 1s:

1. A Unmiversal Plug-and-Play (UPnP)-based network sys-
tem comprising;:

a control point which stores a unique device name (UDN)

of a controlled device; and

the controlled device which transmits an advertisement

message mcluding the UDN of the controlled device,
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wherein the control point receives the advertisement mes-
sage transmitted by the controlled device and deter-
mines that the controlled device 1s a previously existing

controlled device in the UPnP-based network system
based on the stored UDN and the UDN included 1n the

advertisement message,
wherein the control point determines whether an extension
header included i1n the advertisement message 1s
changed, and 11 1t 1s determined that the extension header
1s changed, the control point transmits a message
requesting a description file to the previously existing
controlled device,
wherein the extension header comprises information on a
change of a service provided by the previously existing
controlled device, wherein the change of a service com-
prises a new service being added to the previously exist-
ing controlled device and an existing service of the pre-
viously existing controlled device being deleted,
wherein the previously existing controlled device transmits
the advertisement message 1n response to an update to
the extension header.
2. The UPnP-based network system of claim 1, wherein the
description file comprises:
a device description file including information on the pre-
viously existing controlled device; and
a service description file including information on a service
provided by the previously existing controlled device.
3. The UPnP-based network system of claim 2, wherein the
description file uses an extensible markup language (XML)
format.

4. The UPnP-based network system of claim 1, wherein the
advertisement message uses a Sumple Service Discovery Pro-
tocol (SSDP) based on a Hypertext Transier Protocol (HTTP)
header.

5. A Universal Plug-and-Play (UPnP)-based network sys-
tem comprising;:

a controlled device which provides a description change
advertisement service and a unique device name (UDN)
of the controlled device; and

a control point which stores the UDN of the controlled
device and performs subscription of the description
change advertisement service;

wherein the control point receives an event message,
including the UDN of the controlled device, for the
description change advertisement service transmitted by
the controlled device, determines that the controlled
device 1s a previously existing controlled device in the
UpnP-based network system based on the stored UDN
and the UDN 1ncluded 1n the event message, and trans-
mits a message for requesting a description file to the
previously existing controlled device,

wherein the previously existing controlled device gener-
ates the event message for the description change adver-
tisement service 1t a service provided by the previously
existing controlled device 1s changed, wherein the ser-
vice provided by the previously existing controlled
device being changed comprises a new service being
added to the previously existing controlled device and an
existing service ol the previously existing controlled
device being deleted,

wherein the previously existing controlled device transmits
the event message 1n response to an update to services
provided by the controlled device.

6. The UPnP-based network system of claim 5, wherein the

control point transmits a subscription request message for the
description change advertisement service, and the controlled
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device registers Uniform Resource Locator (URL) informa-
tion of the control point 1n a subscription list of the controlled
device.

7. The UPnP-based network system of claim 5, wherein the
description file comprises:

a device description file including information on the pre-

viously existing controlled device; and

a service description file including information on the ser-

vice provided by the previously existing controlled
device.
8. The UPnP-based network system of claim 7, wherein the
description file uses an Extensible Markup Language (XML)
format.
9. A method of controlling a Universal Plug-and-Play
(UPnP)-based network system, the method comprising;:
storing, at a control point, a unique device name (UDN) of
a controlled device;

transmitting an advertisement message including the UDN
of the controlled device from the controlled device;

determining, at the control point, that the controlled device
1s a previously existing controlled device 1n the UPnP-
based network system based on the stored UDN and the
UDN 1ncluded 1n the advertisement message;

determining, at the control point, whether an extension
header included in the advertisement message transmit-
ted from the previously existing controlled device is
changed; and

i1 1t 1s determined that the extension header 1s changed,

transmitting a message for requesting a description file
from the control point to the previously existing con-
trolled device,
wherein the extension header comprises information on a
change of a service provided by the previously existing
controlled device, wherein the change of a service com-
prises a new service being added to the previously exist-
ing controlled device and an existing service of the pre-
viously existing controlled device being deleted,

wherein the previously existing controlled device transmits
the advertisement message 1n response to an update to
the extension header.

10. The method of claim 9, wherein the description file
COmMprises:

a device description file including information on the pre-

viously existing controlled device; and

a service description file including information on the ser-

vice provided by the previously existing controlled
device.
11. The method of claim 10, wherein the description file
uses an Extensible Markup Language (XML) format.
12. The method of claim 9, wherein the advertisement
message uses a Sumple Service Discovery Protocol (SSDP)
based on a Hypertext Transfer Protocol (HTTP) header.
13. A method of controlling a Universal Plug-and-Play
(UPnP)-based network system, the method comprising;:
storing, at a control point, a unique device name (UDN) of
a controlled device received from the controlled device;

performing, at the control point, subscription of a descrip-
tion change advertisement service provided by a con-
trolled device;
generating, at the controlled device, an event message,
including the UDN of the controlled device, for the
description change advertisement service and transmuit-
ting the event message to the control point;

determining, at the control point, that the controlled device
1s a previously existing controlled device 1n the UPnP-
based network system based on the stored UDN and the
UDN 1ncluded 1n the event message and
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transmitting a message for requesting a description file
from the control point, having recerved the event mes-
sage, to the previously existing controlled device,

wherein the event message 1s generated for the description
change advertisement service by the previously existing
controlled device if a service provided by the previously
existing controlled device 1s changed, wherein the ser-
vice provided by the previously existing controlled
device being changed comprises a new service being
added to the previously existing controlled device and an
existing service ol the previously existing controlled
device being deleted,

wherein the previously existing controlled device transmits

the event message 1n response to an update to services
provided by the controlled device.

14. The method of claim 13, wherein the performing the
subscription of the description change advertisement service
comprises:

transmitting a subscription request message for the

description change advertisement service from the con-

trol point; and
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registering, at the controlled device, uniform resource loca-
tor (URL) information of the control point 1n a subscrip-
tion list of the controlled device.

15. The method of claim 13, wherein the description file
COmMprises:

a device description file including information on the pre-

viously existing controlled device; and

a service description file including information on the ser-

vice provided by the previously existing controlled
device.

16. The method of claim 15, wherein the description file
uses an Extensible Markup Language (XML) format.

17. The UPnP-based network system of claim 1, wherein
the control point determines that the controlled device 1s the
previously existing controlled device in the UPnP-based net-
work system 1f the UDN included 1n the advertisement mes-
sage 1s 1dentical to the stored UDN.
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